Comparison of the effect of 3- and 5-day hypothermic perfusion of dog kidneys on metabolism of tissue slices.
Hypothermic perfusion effectively preserves the viability of kidneys for 3 days. Long-term preservation (5 days or greater) has not been consistently obtained. In this study, the differences between kidneys perfused for 3 and 5 days were compared by determining the "integrated-metabolic" capabilities of tissue slices incubated in vitro at 30 degrees C. The "integrated-metabolic" parameters determined include (1) respiration rates, (2) cell volume regulation [total tissue water (TTW) and saccharide permeable space], (3) rate of reaccumulation of K+ and pumping of Na+, (4) maintenance of ATP concentrations, and (5) mitochondrial functions. Conditions that result in high and low concentrations of ATP following perfusion of kidneys for 5 days were also compared for effects on tissue slice metabolism. The results indicate that energy metabolism in tissue slices is well preserved under all conditions and times of perfusion of kidneys. This includes average respiration rates (315 +/- 50, 275 +/- 35, and 255 +/- 45 mumol O2/hr/g dry wt at 0, 3, and 5 days, respectively, mitochondrial function [respiratory control ratio (RCR) = 4.6, 4.0, and 4.1 for 0, 3, and 5 days, respectively], and steady-state concentration of ATP in slices after incubation (4.0 +/- 1.45, 3.9 +/- 1.28, and 3.3 +/- 0.81 mumol/g/dry wt, for 0, 3, and 5 days, respectively). The primary differences between 3- and 5-day perfused kidneys were the capability of the slices to regulate cell volume and reaccumulate K+. Slices from kidneys perfused for 3 days maintained the TTW at 3.8 kg/kg dry wt, a value similar to that of control tissue slices. However, slices from 5-day perfused kidneys remained swollen (TTW = 4.6 kg/kg dry wt). Also, slices from the 5-day perfused kidney pumped K+ at less than one-half the rate found in slices from control or 3-day preserved kidneys. No significant differences were apparent in the permeability properties of the tissue slices from kidneys perfused for 3 and 5 days to radiolabeled saccharides. The defects in membrane-linked transport functions, resulting from long-term kidney perfusion, were reduced in kidneys containing a high concentration of ATP. The results suggest that one factor which may limit successful preservation of kidneys is the increased membrane permeability (to electrolytes) which is partially prevented by maintaining elevated concentrations of tissue ATP during perfusion.